Malunion of the scapula can be prevented by surgical treatment of fractures in patients with delayed presentation. Surgery is safe, effective, and gives acceptable functional results.
Delayed management of fractures of the scapula is unfortunately common, primarily because of the need to deal with associated injuries, and expert care for displaced injuries of the scapula is often remote from the site of the initial treatment. This delay increases the complexity and difficulty of surgical treatment if it is required.
The robust muscular envelope and rich vascular supply surrounding the scapula leads to the rapid formation of callus. Without surgery, displaced fractures may heal with poor alignment. Muscular deforming forces and the effect of gravity on the upper limb will result in malalignment of the glenohumeral joint in relation to the body of the scapula, leading to pain, weakness and glenohumeral imbalance. [1] [2] [3] [4] [5] Fractures with intra-articular involvement of the glenoid will heal with incongruity of the joint, which may lead to glenohumeral arthrosis. [6] [7] [8] [9] [10] [11] This paper examines the safety and efficacy of delayed operative management of displaced fractures of the scapula and describes the early functional outcome. Owing to the rapid healing response in the shoulder, 'delay' is defined as more than three weeks after injury. Patients treated before three weeks are being analysed separately and those managed surgically after 60 days were considered to have an established malunion and were not included in this study.
Patients and Methods
Between October 1998 and December 2007, all patients presenting to the senior author (PAC) with a markedly displaced fracture of the scapula meeting the criteria for operative management were enrolled in a prospective study to assess the results of open reduction and internal fixation. They were managed at one of two Level-I trauma centres, which also served as referral destinations for the management of fractures of the scapula. The design of the study and the process of enrolment complied with the guidelines of the respective Institutional Review Boards. The clinical information on these patients had been recorded in a database.
A review of the 129 consecutive patients who had surgical treatment for fracture of the scapula between October 1998 and December 2007 was undertaken to identify those who were operated on between 21 and 60 days after injury. There were 22 patients (17%) in this group. The indications for operation included at least one of the following criteria: i) ≥ 4 mm step-off of a fracture involving the glenoid; ii) > 15 mm of medialisation of the glenohumeral joint; iii) > 25° of angular deformity in the semicoronal plane as seen in the scapula Y view; iv) double lesions of the superior shoulder suspensory complex displaced > 10 mm.
Medialisation in this context is defined as the displacement between the edges of the fracture at the proximal and distal lateral borders. This may not represent absolute medialisation of the scapula relative to the midline of the body.
Radiological analysis included anteroposterior (AP), scapula Y (lateral) and axillary views of the shoulder. A standard radiological protocol was used. CT scans and three-dimensional reconstructions (3D-CT) were obtained. In the patients who had sustained a fracture through the neck of the glenoid, 3D-CT reconstructions were used to choose an optimal image to define the true anteroposterior and scapula Y views. Displacements were measured and the surgical indications were determined from these images.
Owing to the ability to rotate the 3D-CT image 360° in all planes, optimal measurements could be taken which would reflect a true AP and scapula Y view. The fracture patterns were classified according to the Arbeitsgemeinschaft für Osteosynthesefragen/Orthopaedic Trauma Association (AO/ OTA), 13 the Ada and Miller, 14 and the Ideberg systems. 15 When first seen, the patients showed striking motor weakness at the shoulder, usually able only to initiate forward flexion, abduction and external rotation. They often commented that their shoulders 'didn't work', or that they felt 'unattached'. They were aware of marked depression of the shoulder. Closer to three weeks, there was a perception of pain being the factor limiting movement, whereas beyond a month stiffness was noted even if pain had improved. Consequently, no detailed pre-operative measurements of strength or movement were attempted. Associated ipsilateral injuries were frequent (Table I) , including 13 (59%) with multiple fractures of ribs.
The interval between injury and surgery, and the cause for delay in treatment, were both recorded. Operative data included the surgical approach, the technique required for reduction of displaced fragments, implants used for fixation and the blood loss. Details of ipsilateral shoulder injuries and their treatment were also recorded. Details of the patients. There were 21 men and one woman, with a mean age of 37.5 years (22 to 65). All fractures were sustained as a result of high-energy trauma, including a motor cycle accident in seven, a fall from a height in four, a motor vehicle collision in three, an allterrain vehicle accident in three, and other mechanisms in five. In 21 patients the injuries included an extra-articular fracture; 11 of these also had intra-articular involvement with displacement. Only one patient (number 18) had an isolated intra-articular fracture. The mean delay from the time of injury to surgical management was 30 days (21 to 57). The reasons for delay included delay in referral unrelated to other injuries in 11, and management of other injuries with a higher priority in 11. A summary of associated injuries is listed in Table I . Seven patients sustained injury to the suprascapular nerve, diagnosed by electromyography (EMG) and nerve conduction studies, four of which were diagnosed pre-operatively, and three identified intraoperatively during exploration of the suprascapular neurovasculature. Three patients sustained an axillary nerve injury diagnosed on EMG and nerve conduction studies. One had a head injury and unstable vertebral fractures resulting in paraplegia.
In the 21 patients with extra-articular fractures, the fractures involved the neck and body of the scapula, the coracoid, and/or the acromion. The details of the classifications with sub-variants are shown in Table II . Of the 22 patients, 14 had one indication for open reduction and internal fixation (ORIF) and eight had two or more. Double lesions of the superior shoulder suspensory complex were present in six patients, with both displaced > 1 cm. Of the 12 patients who had medialisation > 15 mm, the mean pre-operative displacement was 28 mm (21 to 38). An angular deformity of > 25° was seen in four patients with a mean deformity of 32° (25°to 45°). The mean pre-operative glenopolar angle measured 25.6° (0 to 46), excluding one patient with an abnormally increased value of 60° (patient 4). The normal angle is 30° to 45°. 16 In the 11 patients with an intraarticular fracture as a surgical indication, the mean preoperative intra-articular step-off was 8.6 mm (4 to 26) (Table II) . Technique of operation. A posterior Judet 17 approach was used in 19 patients, an anterior approach in two, and a combined anterior and posterior approach in one. This combined approach was used to address a fracture of the neck of the glenoid in association with a widely displaced fracture of the coracoid. In all cases osteoclasis was required, and the callus was debrided to identify the fracture lines (Fig. 1a) . This led to significant bleeding, with a mean blood loss of 477 ml. The callus was saved and used as bone graft at the end of the procedure. In patients whose operation was delayed five weeks or more (n = 6), a formal osteoclasis combined with osteotomy was necessary because of the advanced state of healing.
Anatomical alignment began by lining up the lateral border of the scapula. Three different strategies were used. Schantz pins placed in the neck of the glenoid and distal lateral border were used as joysticks to manipulate the two main components of the scapula in order to correct translational and angular and rotational deformity. The pins were used in conjunction with universal T-handled chucks for maximal holding strength. A lamina spreader was also used to assist in regaining the length of the lateral border and to disrupt the callus adhering to the main fragments. A small external fixator, used as a mini-distractor, was also valuable in most cases to achieve and hold correction during definitive placement of the internal fixation. We used 2.7 and/or 3.5 mm dynamic compression and reconstruction plates for fixation of the lateral and medial borders, respectively (Fig. 1b) . Other small (1/3 tubular or 3.5 nm T plates) and a) Substantial callus formation noted 37 days after injury in this fracture of the neck and body of the scapula on a 3D-CT scan. At the time of surgery, callus was debrided, re-establishing the fractured edges, b) radiograph showing formal fixation which consisted of an eight-hole, 2.7 mm dynamic compression plate at the lateral border and a contoured 14-hole, 2.7 mm reconstruction plate at the medial border. An additional eight-hole, 2.7 mm reconstruction plate was used to complement the fixation. The glenopolar angle changed from 19° pre-operatively to 36° post-operatively. mini fragment implants (2.0 mm, 1/4 tubular plates) were used in ten of the 12 cases when deemed appropriate for reduction and fixation of bony fragments. In closing the wound, the deltoid and infraspinatus fascia were reattached first through drill holes in the spine of the acromion, and then the infraspinatus and teres minor were fixed to the vertebral border with a no. 2 braided non-absorbable suture. The rest of the fascial and subcutaneous closure was executed with braided 0 and 2/0 absorbable sutures, respectively, before suture of the skin.
After operation, all patients were placed temporarily in a sling for comfort, and physiotherapy was started after the first post-operative visit at approximately two weeks after surgery. Passive and active-assisted movements were carried out for one month, followed by active exercises for a further month. Resistance and gradual strengthening exercises with weights of 3 lb to 5 lb were started after two months. All restrictions were removed at three months. Follow-up. After operation and at six weeks, bi-planar radiographs were taken, including AP, scapula Y and axillary a) The radiological measurement of medialisation (dimension A) is assessed in the anteroposterior view of the scapula as the measurement of the distance between the lateral border of the proximal fragment to the lateral border of the distal fragment at the point where anatomical realignment would be achieved, b) angulation deformity is measured in the scapula Y view as the angle of correction (θ) required to restore anatomical alignment of the body of the scapula. views. At 12, 24 and 52 weeks AP views were obtained. The success of reduction was judged by comparison of radiographs taken before and after operation, and with those of the opposite side taken before operation. A standardised method of measuring medialisation and angular deformity was used (Fig. 2) . Rotational alignment was assessed using the glenopolar angle, as described by Bestard et al. 16 From March 2002, a specific method of recording follow-up data including pain, shoulder strength, and the range of movement was used. All patients were evaluated by the senior author (PAC). The strength was measured in pounds of force using a hand-held dynamometer (Micro-FET 2, Hoggan Health Industries, Draper, Utah). The Disabilities of the Arm, Shoulder and Hand (DASH) questionnaire 18 and the Short Form (SF)-36 19 version 2 were used to assess functional outcome. All complications were recorded.
Results
A marked improvement in alignment was achieved both post-operatively (n = 22) and at the latest follow-up (n = 16, Table II ). The mean correction for medialisation was 18 mm (0 to 38). Complete correction of translational deformity and correction of angulation in the semicoronal plane, as seen on a Y view was evident in all patients, probably owing to the straight plate applied to the lateral border. The mean corrections in translation and angulation deformity were 12 mm (0 to 36) and 14° (0° to 45°), respectively. Rotational correction was defined as achieving a glenopolar angle between 30° and 45°; this was accomplished in 14 cases (64%). The glenopolar angle values were slightly under-corrected in three cases (patients 9, 10 and 13), measuring 25°, 28° and 25° compared with the contralateral side, which showed 32°, 31° and 30°, respectively (Table II) . In the 11 fractures with articular involvement, reduction within < 2 mm of residual step-off or gap was achieved (Fig. 3) .
All fractures were followed at least until union was achieved. Follow-up after union was obtained in 16 of 22 patients (73%) with a mean follow-up of 26.4 months (12 to 72). The remaining six patients were lost to follow-up. When last seen, union was established in each and they were progressing well. Two patients (patients 4 and 8) were treated at the senior author's previous institution, during which time DASH scores were not being obtained. Of the remaining 20 patients, functional outcomes were obtained for 14 (70%) at the latest follow-up (Table III) . A total of 12 were pain-free at rest and with activity, one complained of mild pain, and another of moderate pain with prolonged activity but was otherwise pain-free. Of the 14 patients, 11 had returned to their previous employment and recreational activities without restrictions. In two of the remaining three, inability to return to work and/or recreational activities was related to other associated inju- * DASH, Disability of the Arm, Shoulder and Hand † ABD, abduction ‡ FF, forward flexion § ER, external rotation with the elbow flexed 90° ¶ inability to return to work and/or recreational activity was not related to the scapula injury ** DASH could not be scored owing to limitation from paraplegia ries. Patient 13 was unable to return to work because of disability from an associated pilon fracture and patient 15 because of paraplegia.
Overall, the mean DASH score for the 14 patients was 14 (0 to 41), compared to the mean normal DASH score of 10.1. 20 The mean SF-36 scores in all eight parameters for the study patients were comparable to the scores of the normal population (Table IV) . A lower DASH score on a 100-point scale translates into a better outcome, whereas a higher SF-36 score on a 100-point scale translates into a better outcome.
There were no wound complications, infection, nonunion or failure of internal fixation. None of the patients had symptoms related to the implants or desired their removal. One patient (patient 5) required manipulation under anaesthesia six weeks after surgery for significant post-operative stiffness. He regained full forward flexion of 171° and abduction to 124° and was pain-free at final follow-up (39 months).
Discussion
Fractures of the scapula with enough displacement to warrant surgical treatment are often associated with a highenergy impact, with multiple associated injuries often involving non-skeletal systems. 14, 17, 21 Management of the fracture is often not considered a high priority, considering the magnitude of other injuries that have been sustained. As the indications for surgical management of these fractures are limited to a specific subset of articular and/or grossly displaced patterns, the patients may need referrals to specialist centres causing additional delay. There is controversy regarding the indications for operation. Several authors have documented poor function after scapular malunion. 1, 3, 9, 14 A delay in treatment may prejudice the outcome. Such delay has been recognised to have a negative effect in surgery for fractures of the acetabulum, where loss of fracture lines, callus formation, malunion, soft-tissue contracture, and scar formation increases the difficulty of obtaining operative reduction and therefore result in a poorer outcome. 22, 23 However, we acknowledge the differences in anatomy and the respective approaches at the two sites. Because of the well-vascularised muscular envelope surrounding the scapula, a significant healing response occurs in a matter of weeks. Callus and soft-tissue contracture acting on each of the scapular borders significantly increases the technical challenges of reduction and fixation. It is of paramount importance to obtain an accurate articular reduction and to restore the length, alignment and rotation of the lateral border of the scapula, in order to allow proper orientation of the glenohumeral joint. Fracture lines are obscured by callus, and contracted tissues around the shoulder girdle tether key fragments even after osteoclasis. 24, 25 Although this is the first paper dedicated to early clinical outcomes in patients following delayed operative treatment of fractures of the scapula, others have recorded satisfactory results in mixed series. 6, 7, 26 Our study has limitations. It is a small group, which was operated on and analysed retrospectively by a single surgeon. We acknowledge that a comparative series of patients treated conservatively would have been valuable, but it would be difficult, given the perceived disability and deformity of the patients and the rarity of the entity. This is the first series to record the outcome of patients whose surgical treatment for displaced fractures of the scapula was delayed. Albeit technically challenging, these results suggest that safe surgery can be accomplished and good outcomes achieved.
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